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P  R  E  ?  A  C  B 


The  following  tests  on  the  Champaign  and  Urbana  Gas,  Railway 
and  Electric  Co.*s  power  plant  were  made  for  the  purpose  of  deter- 
mining the  U^it  Efficiency,  Cost  of  Coal  per  Kilowatt  Hour  output, 
Total  Power  Output  and  Relative  Distribution  over  th"e  Feeders, 
on  an  average  day  when  plant  was  operating  under  normal  conditions. 

A  delay  was  caused  by  waiting  for  the  completion  of  a  high 
tension  line  which  was  not  put  into  operation  until  about  IvSay  1, 
1904,  so  that  only  two  tests  were  made,  the  first  for  the  Cost  of 
Coai  per  Kilowatt  Hour  output,     the  Unit  Efficiency  and  to  deter- 
mine the  Relative  Distribution  of  Power  over  the  Feeders.  The  second 
test  was  merely  a  run  on  the  total  output  including  both  D.C.  and 
A.C.  sides,  and  a  check  on  the  unit  efficiency. 

Thanks  are  due  to  Messrs.  J .  tl.  Buchanan,  C.E.Mead,  B.French, 
A.C.Foster,  A.B.Shipraan  and  the  employees  of  the  power  plant  for 
their  hearty  cooperation  and  assistance  in  the  test. 
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STATION 

The  plant  is    located  near  the  crossing  of  the  Illinois  Cen- 
tral and  Big  Four  Railroad  tracks  and  is  on  a  switch  connecting  the 
two  roads. 

Originally  it  was  a  city  lighting  plant,  all  street  car  ser- 
vice being  horse  power,  but  in  1890  the  electric  system  of  traction 
was  installed.  Since  the  original  installation  of  electric  railway 
generators  several  changes  and  additions  have  been  rnade.     For  a 
number  of  years  previous  to  1904  the  load  was  carried  by  two  West- 
inghouse  Railway  Generators  of  150  and  110  K.W.  capacity  respec- 
tively.    When  the  Danville,  Urbana  and  Champaign  Interurban  line 
was  put  into  operation  the  load  was  found  to  be  too  heavy  for  the 
two  generators  then  in  use  and  in  the  spring  of  1904  a  direct  con- 
nected 500  K.W.  Double  Current  Generator  was  installed.  This  machine 
alone  being  capable  of  carrying  all  the  city  car  load  and  also  the 
Alternating  Current  Side  was  used  to  supply  power  to  the  sub-station 
at  Fithian,  which  is  about  seventeen  miles  east  of  Urbana  on  the 
Interurban  line. 

During  the  day  this  500  K.W.  Generator  is  the  only  one  in  the 
plant  which  is  run.     The  day  lighting  service  is  supplied  by  a 
45  K.W.  Westinghouse  Alternator  driven  by  a  54  H.P.  500  volt  motor. 
Besides  the  above  mentioned  apparatus  the  plant  contains  the  follow- 
ing equipment: 

One  Rankin  and  Fitch  Corliss  Engine  13"  x  35"  rated  at  225  H.P. 
belted  to  a  150  K.W.  Westinghouse  500  volt  six-pole  railway  gener- 
ator. 

One  Porter  Allen  16"  x  16"  200  H.P.  engine  belted  to  a  110 
K.W.  Westinghouse  500  volt  railway  generator. 
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One  Russell  14"  x  20"  205  H.P.  engine  belted  to  three  50  light 
"western  Electric  Arc  Machines. 

One  Ideal  I8-I/2  x  18,  300  H.P.  engine  belted  to  one  J.50 
K.W.Wood  Alternator  133  cycles  and  one  40  light  Western  Electric 
Arc  machine. 

one  14  X  14'  Ideal  125  H.P.  engine  belted  to  a  55  K.W.  Westing- 
house  Alternator. 

The  unit  on  which  the  test  ms  made  consists  of  a  30  x  30 
Russell  single  expansion  non-condensing  750  H.P.  engine  direct  con- 
nected to  a  50o  K.W.  General  Electric  Double  Current  Railway  Gener- 
ator.    Rating  833  amperes,  600  volts. 

The  boiler  house  equipment  consists  of  the  follov/inij: 

One  Aaltman  and  Taylor  260  H.P. Boiler. 

One  battery  of  2  B.&W.  Boilers,  237.5  H.P.  each. 

One  B.&W.  Boiler  275  H.P. 

One  Battery  of  two  sterling  Boilers  260  H.P.  each. 
All  of  the  above  boilers  are  operated  at  120  lb.  steam  pressure 
above  atmosphere. 

The  following  pumps  are  in  service: 
One  Dean  Duplex  Pump  7  x  4  x  10. 
One  Gardner  "        "      7  x  4  x  10 
One  Buffalo  "  "6x4x6 
One  Blake sley  Pump    14  xlO  x  14 

A  new  switchboard  has  been  lnsta.lled  during  the  last  year 
consisting  of  nine  panels,  five  feeder  panels,  two  generator  panels, 
one  total  output  and  one  high  tension  panel.     Each  feeder  panel  is 
equipped  with  one  Keystone  0-1000  ammeter,  one  Westinghouse  circuit 
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breaker  and  one  single  throw  single  pole  feeder  switch.     The  110 
and  150  K.W.  generator  panels  each  have  one  Keystone  O-lOOO  ammeter, 
one  Westinghouse  circuit  breaker,  one  single  pole,  single  throw 
switch  and  one  field  svritch.     The  500  K.W.  ("ienerator  panel  has  one 
Thompson  Astatic  0-1500  ammeter,  one  General  Electric  circuit 
breaker,  one  single  pole  single  throw  switch,  one  field  switch, 
one  Thompson  Integrating  Wattmeter,  1200  Amperes,  600  volts.  The 
high  tension  panel  contains  one  General  Electric  Povirer  Factor  Indi- 
cator, one  Thompson  0-1200  ammeter,  one  0-500  voltmeter,  one  Thomp- 
son Integrating   Induction  Wattmeter.      The  station  voltmeter  is 
secured  on  an  arm  at  the  end  of  the  switchboard.    A  G.E.Co.  oil 
switch  is  used  on  the  low  tension  side  of  the  three-phase  transmis- 
sion; capacity  1500  amperes,  600  volts.  Current  transformers  with 
a  ratio  of  300  to  1  are  used  in  connection  with  the  ammeter  and 
wattmeter. 

The  transformers  used  for  stepping  up  on  the  high  tension 
transmission  line  are  three  150  K.V/.  370-15000  volts  General 
Electric  Transformers.  Both  sides  are  connected  in  delta. 

The  station  furnishes  light  to  the  town  of  Champaign,  power  to 
the  Champaign  and  Urbana  Street  Railway,  and  also  power  to  the  Dan- 
ville, Urbana  and  Champaign  Interurban  Company,  which  operates  between 
the  towns  of  Danville,  Urbana  and  Champaign. 

The  incandescent  lighting  circuits  are  opeated  day  and  night. 
The  city  street  lighting  is  operated  only  on  dark  nights  and  then 
all  night.     Power  is  in  service  from  5:30A.M.  to  12  P:M.  except* 
when  cars  are  run  after  the  midnight  hour  to  accomodate  dancing 
parties  etc. 
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TESTS 

Test  No.l. 

The  first  test  was  made  on  April  18,  1904,  for  the  purpose  of 
finding  the  general  distribution  on  the  various  feeders,  the  cost  of 
coal  oer  kilowatt  hour  and  the  unit  efficiency.     The  day  chosen 
■was  one  of  average  operating  conditions.     The  test  was  run  from 
7:30  A.M.  to  5:00  P.M.     Readings  of  current  and  voltage  were  taken 
every  minute.     One  man  was  stationed  at  each  of  the  five  feeders, 
one  at  the  total  ammeter,  and  one  at  the  station  voltage,  so  that 
simultaneous  readings  were  obtained.     Indicator  cards  v/ere  taken  from 
the  Russell  Engine  by  means  of  Crosby  indicators  every  five  minutes. 
The  coal  and  ashes  were  weighed  throughout  the  test  and  weights  care- 
fully recorded  and  corrected  for  moisture.    An  average  of  the  amme- 
ter and  voltmeter  readings  was  found  for  every  fifteen  minutes  and 
curves  plotted  showing  each  feeder  distribution  in  kilowatts.  These 
distribution  curves  are  shown  on  plates  Nos.  VII,  VIII  and  IX. 

Plate  VI  shovrs  curves  of  total  current,  voltage  and  watts  for 
the  day,  the  data  for  these  curves  being  shown  on  plates  I  and  II. 

A  graphical  representation  of  the  feeder  consumption  is  shov/n 
on  plate  No.V.     The  power  feeder  required  the  greatest  number  of 
kilowatt  hours,  next  the  east  side,  then  the  Urbana  feeder,  and 
D.U.C.  feeder,  and  last  the  West  Side  feeder. 

The  following  table  shows  the  average  values  of  kilowatts  indi- 
cated and  current,  and  also  shows  the  relative  values  of  distribu- 
tion. 
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Feeder 


Average 
K.W.  I 


Ratio 


West  Side 
Urbana 
D.U.C. 
East  Side 
Power 


21.8  37, 
38.1  65 
38.1  65 

46.9  80 
50.9  86 


1.  00 
1.75 
1.75 
2.15 

2.  55 


fo  Total 
11.12 
19.46 
19.46 
23.94 
26.02 


Tables  from  which  the  above  were  obtained  are  given  on  plates 
Nos.   Ill  and  IV, 

Static  n  Wattmeter  Cor  re  c  t  ijoru_ 
The  accuracy  of  the  wattmeter  of  the  D.C.  side  of  the  system 
was  doubted  and  this  test  No.  1  affords  an  excellent  check  on  the 
meter  readings.     Current  on  the  total  ammeter  and  each  feeder  ammeter 
was  read  every  minute,  also  the  station  voltage. 

The  kilowatt  hours  were  calculated  both  for  the  total  ammeter 
readings  and  for  the  sum  of  the  feeders,  and  results  compared  with 
the  wattmeter  indications  for  the  day. 

K.W.H.  calculated  from  total  ammeter,  1887 


K.W.H. 


"    sura  of  feeder 

readings  1831 


K.W.K.   orobable  true  value 

K.W.H.   recorded  by  Thompson  meter 

Therefore  the  Meter  Constant  1859 

2070 


1859 
2070 


.90 


All  wattmeter  readings  should  be  multiplied  by  .9.     This  seems 
to  be  the  correct  constant  to  use  since  the  K.W.H.  values  check 
so  closely  in  the  first  two  cases  above. 
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Cost  of  coal  per  Kilowatt  Hour 

Coal  consumed  --------  12.586  Tons  25,173  Lbs. 

Ash  -  --  --  -  -     2.578     "  4,756 

Combustible  ------  10.207     "      20,414  •» 

Cost  of  Coal  per  ton,  |1.10,  per  lb.,   .  055j/ 

Probable  true  value  K.W.H.  Test  No.l  Is  1859 

Pounds  Coal  per  K.V7.H.     25175  -15.54 

1859 

Pounds  of  COTb.  per  K.W.H.  10.98 

Cost  of  coal  per  K.W.H.  at  .055/  per  pound  .745/ 


Unit  Efficiency 

Test  No.l. 

Average  K.W.  output  -------  195.8 

"  E.H.P.     "    262 

"  I.H.P.    -----  318 

Unit  Eff.  at  59^  Load  ------  82. 5^ 


Test  No. 2. 

The  second  test  was  made  on  May  12,  1904  from  1:30  P  M.  to 
6:30  P  M.  and         also  run  on  a  day  of  average  operating  conditions. 
The  purpose  of  this  test  being  to  obtain  the  total  output  and  Input 
of  power  and  to  obtain  data  for  calculating  the  unit  efficiency. 

The  Indicated  horse  power  of  the  Russell  Engine  was  obtained 
by  two  Crosby  Indicators  as  In  Test  No.l  using  an  80#  spring.  Cards 
and  speed  were  taken  every  five  minutes. 


A  one  hour  recording  ammeter  and  a  three  hour  recording  volt- 
meter were  put  in  the  main  circuit, thus  doing  away  with  the  necessity 
of  taking  readings  of  the  instruments  every  minute. 

Both  the  Direct  Current  and  the  Alternating  Current  integrating 

wattmeters  were  read  every  ten  minutes  and  an  indicating  wattmeter 

on  the  alternating  current  side  was  read  every  two  minutes  through- 
out the  five  hours. 

From  the  charts  of  the  recording  instruments  the  average  values 
of  current  and  voltage  for  every  ten  minutes  were  found  by  means  of 
a  planimeter, the  method  being  similar  to  the  determination  of  mean 
effective  pressure  on  indicator  cards.  | 

The  same  wattmeter  correction,   (.9)  was  used  in  this  test  as 
in  test  No.l. 

A  Weston  indicating  wattmeter  was  placed  in  the  three  phase  cir- 
cuit and  readings  taken  every  two  minutes.  These  were  used  as  a  u 
check  on  the  Thompson  integrating  meter. 

Curves  of  power  consumption  on  the  D.C.  side  and  on  theA.C. 

ii 

side  are  shown  on  plate  No.  XXII.  | 
Curves  of  current,  voltage,  D.C.  andA.C.  kilowatts,  total  kilo- 
watts, indicated  horse  pov/er  and  speed  are  shov/n  on  pl.ites  Nos.  XIX, 
XX  and  XXI. 

Tables  of  calculated  results  for  Test  No.  2  are  shovm  on  plates 
Nos.  X, XI, XII,  and  XIII.  | 

Examples  of  indicator  cards  are  on  plates  XIV  and  XV. 

Two  ammeter  charts  (a)  and  (b)  and  one  voltmeter  chart  (c) 
are  on  plates  XVI,  XVII  and  XVIII. 
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Unit  Efficiency,  Tes_t__Nq^_2 


Average  K.V/.  output,  D.C-  -  -  -  -  -182.5 

"        K.W.       "  A.C.-  -  -  -  -  -108.0 

K.W.       "        Total     -  -  -  -  -290.5 

"        E.M.P.   -390 

I.4.P  Input     -------  -466 


Unit  Efficiency  at  58^  load    390  83.^X 

466 
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COMGLUSIONS 

Both  tests  being  run  under  average  operating  conditions  give 
I  a  pretty  good  idea  of  the  condition  of  efficiency  and  distribution. 
1  The  plant  was  being  operated  on  the  battery  of  two  Sterling  boilers 
I  during  Test  No.l  when  coal  was  weighed  and  considerable  trouble 
'j  was  experienced  from  priming.    At  one  time  so  much  wuter  had  collect- 
;  ed  in  the  cylinder  as  to  require  a  shut-dovm.     The  priming  was  prob- 
!  ably  due  to  dirty  boilers. 

The  A. 0. side  of  the  system  was  not  in  operation  when  the  first 

test  was  made,  the  load  being  entirely  railroad  and  stationary 
I  motor  loads.     The  peaks  occur  at  intervals  during  the  day  when  extra 

traffic  is  on  the  road,  as  at  noon  and  about  six  o'clock.    A  peak  is 

Ij  also  noticeable  when  the  interurban  cars  are  at  this  end  of  the 

li 

I  line.     From  the  sample  charts  (a),  (b)  and  (c)  taken  from  the  Bristol 
;  recording  instiruments,  (a)  shov/s  a  condition  of  as  steady  operating 
I  conditions  as  is  usually  obtained;   (b)  show^  a  widely  fluctuating 
I  load  which  is  more  characteristic  of  the  street  railway  conditions 

i  of  such  a  small  system.     Chart  (c)  gives  evidence  of  considerable 

ii 

||  variation  of  voltage  and  shows  that  it  is  not  an  easy  thing  to  main- 
'  tain  a  constant  voltage  with  such  a  fluctuating  load.       The  compound- 
I  ing  does  not  seem  to  produce  the  desired  effect  of  a  rise  in  voltage 
j  with  an  increase  of  load  althoug  all  series  shunt  was  out.  This 
!  faulty  variation  of  voltage  is  easily  seen  in  curves  on  plate  XIX. 

Probably  theA.C.  side  disturbed  the  voltage  to  a  considerable 
extent . 

The  speed  regulation    of  unit  was  fairly  good,  the  speed  varied 
from  148  to  154  R.P.M.  according  to  load,  the  normal  speed  being  150. 
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The  cost  of  coal  per  K.W.H.  was  .745/ and  was  obtained  with 
Pana  Screenings.     This  is  a  very  hard  coal  to  fire  and  contains 
about  18. 9^  ash. 

The  efficiencies  vary  about  as  one  would  expect,  82.5/'^  at  .39 
full  load  and  83.7Xat  .58  full  load. 
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